The object of this paper is to acquaint high energy physicists with the properties and numerous applications of microchannel plates as well as with the resulting improvements of particle detectors.
INTRODUCTION
Microchannel plate electron multipliers have several unique features which render them extremely useful in scientific research; among these are high gain, imaging capability, very low transit time practically negligible time spread, moderate energy resolution, good tolerance to magnetic fields, ability to detect various particles and radiations with low intrinsic noise.
Besides their applications as electron multipliers, microchannel plates can be used as parallel bore collimators and as y-ray converters.
Devices incorporating microchannel plates, such as photomultipliers, electronic imaging photon detectors image intensifiers, streak cameras, ultrafast cathode ray tubes, perform better and are usually simpler than their classical counterparts.
Microchannel plates were evolved with image intensifiers as the primary goal, mainly for military purposes. Some 
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I and the output so that electrons are accelerated between collisions with the walls to produce secondaries (Fig. 2) . This device can be considered as a conventional multiplier having a number of dynodes which is proportional to its length/diameter ratio. A typical gain curve appears in Fig. 3 In microchannel plates, it is necessary to minimize gain variations from channel to channel due to slight differences in channel diameters. (This consideration is especially important for image intensifiers, where constant gain all over the field is required.) So, for a given voltage, an optimum L/d ratio exists. At high gain, with straight channels, after-pulses appear and damage may result. The importance of this effect depends on the vacuum; the delay between the main and after pulses varies with the mass of the ions present in the vacuum chamber. Afterpulses are attributed to ionic feedback, positive ions accelerated toward the channel input hit the channel wall and produce secondary electrons which are in turn multiplied. Operations in high vacuum only partly solve the problem, as ions are also released from channel walls during the multiplication process. Careful cleaning and outgassing somewhat improve the situation, but best results are obtained with curved channels,7 so that ions travel only a short distance before hitting the wall (Fig. 5) . The average DC anode current will depart from linearity when it reaches 5 to 10% of the conduction current, and recovery time will result in a gain decrease in pulsed mode at high rates (Fig. 9) 
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,C) (a) The amplitude of the anode signals is independent of channel diameter, but is proportional to the normalized field (volts per diameter).
(b) The output pulse width is proportional to the absolute length of the channel. (Fig. 11) uses electrostatic optics between the photocathode and multiplier and proximity focusing at the output. This allows a better suppression of ionic feedback; the output image is inverted and a short ocular can be used. At the same time, some distortion is introduced by the optics. The other class (Fig. 12) mm . This tube is capable of displaying a 6 GHz sine wave in real time and in a single sweep.
D. Streak Camera
As in cathode ray tubes, a microchannel plate placed near the screen to amplify beam current will allow faster writing speed and higher deflection sensitivity (Fig. 13) . Another approach uses the channel plate as an electron collimator,38 minimizing initial dispersion of the electrons leaving the photocathode, this dispersion apparently being one of the major effects limiting the resolution of present streak tubes. 
MICROCHANNEL PLATE PHOTOMULTIPLIERS AND THEIR APPLICATIONS
Timing performances of conventional photomultipliers are limited by two major factors: transit time spread in the electron multiplier and center to edge of photocathode transit time differences. This second factor becomes dominant for large photocathode diameters, preventing accurate timing measurement at the single photoelectron level. For tubes 1" to 2" in diameter, at gains above 106, and after careful optimization of the operating conditions, typical time spread is 400 to 500 pS FWHM for single electron response and full photocathode illumination, decreasing to 100 -200 pS FWHM for a large number of photoelectrons. Furthermore, the immunity of classical photomultipliers to magnetic fields is poor: onegauss fields will seriously affect the tube performances.
Microchannel plate photomultipliers potentially offer better timing performances and considerably improved immunity to magnetic fields. The first approach3 to such photomultipliers is to use conventional input optics and a chevron microchannel plate multiplier; gains between 106 and 107 can be obtained and one of the two major contributions to the time spread is reduced, but the other one remains, and the sensitivity to magnetic fields is also large in this configuration.
Microchannel plate photomultipliers designed with proximity focus40" 2 are more attractive; prototypes had a maximum gain of 105, and sub-nanosecond delta response (mostly dependent on the tube housing). It is interesting to note that dark count rate remains comparable to that of conventional tubes, despite the high electric fields used between the photocathode and the microchannel plate. Later versions of these tubes43 incorporated plates with curved channels and gains of 106 were obtained, in which each channel operates at saturation. Provided that the probability of having more than one electron entering a channel during its recovery period is low, the signal linearity from such tubes can be similar to those that can be obtained from conventional photomultipliers incorporating gallium phosphide dynodes.
At the Lawrence Berkeley Lkboratory, two such tubes were tested extensively,4 with impressive results. At gains of 106, these tubes showed a time spread, for full photocathode illumination and single photoelectron response of less than 200 pS FWHM, and a multiphotoelectron time spread better than 30 pS FWHM; in both cases, the figures obtained were limited by the experimental resolution, so these quoted numbers should be regarded only as upper limits. The energy resolution is illustrated in Fig. 14 . These tubes operate properly in axial fields of at least 2 kG and in transverse fields of more than half a kG, despite the fact that they were not optimized for operation in magnetic fields. 
